ABSTRACT Objective: To determine whether drugs used in treatment of cardiovascular diseases (CVD-drugs), including hypertension, increase the risk of fragility fractures in individuals above the age of 65 years.
INTRODUCTION
Fragility fractures are fractures that result from mechanical forces that would not ordinarily result in fracture, known as lowlevel (or 'low energy') trauma. The WHO has quantified this as forces equivalent to a fall from a standing height or less. 1 Fragility fractures are a major health problem for elderly people. Approximately 90% of all fragility fractures are due to falls. 2 Among community-dwelling elderly populations, 30-60% fall at least once every year and serious injuries occur in 5-10% of all falls. 3 With a growing elderly population, the prevalence of fragility fractures is increasing throughout the western world. 4 At the same time, the prevalence of a number of chronic diseases is increasing and leads to an increase in use of medications, a situation which has led several researchers to speak of the 'treatment burden'. [5] [6] [7] With ageing, the ability to maintain homoeostasis declines and the risk of adverse effects when the organism is challenged by external or internal stimuli, like medications or diseases, increases. 8 Furthermore, ageing is associated with a number of factors that influence pharmacokinetics and pharmacodynamics. [9] [10] [11] [12] Taken together, this makes the elderly individual susceptible to adverse effects from medical treatment. However, due to vague and atypical presentation of symptoms and diseases
Strengths and limitations of this study
▪ Large nationwide study including all individuals above the age of 65 years. ▪ Owing to the large number of individuals included, it has been possible to investigate adverse events of specific drugs at specific time periods. ▪ Linking between several national registers made it possible to adjust the analysis for comorbidity. ▪ Observational design. ▪ Bias due to confounding by indication cannot be fully excluded.
in elderly individuals, the adverse effects may not be recognised as such. 13 Several drugs used in treatment of cardiovascular disease have been associated with falls and fragility fractures. [14] [15] [16] However, the evidence is sparse. 17 18 There are no randomised controlled studies, and the existing observational studies generally include small populations and are heterogeneous concerning populations, settings and definition of falls. 14 15 19 Several methodological difficulties can explain the lack of randomised trials in this group of patients. The randomised controlled trial design builds on the assumption that it is possible to have two groups of patients who are comparable apart from the intervention that the study seeks to investigate. This assumption may be difficult to meet when studying frail elderly individuals, since genetic differences, lifelong living habits and different environments all contribute to increase interindividual heterogeneity with ageing. Elderly patients tend to have comorbidity, which means that they are excluded from the majority of clinical trials. 20 21 Even a study designed to investigate the effect of antihypertensive treatment in persons >80 years included the healthiest segment and the authors stated, "it would be premature to extrapolate the results from HYVET to patients in this age group who are more frail". 22 Furthermore, it may be too demanding for frail elderly individuals to participate in randomised trials. Taken together, these difficulties lead to randomised trials not including the clinical relevant patients. [23] [24] [25] [26] [27] [28] [29] Commonly used end points in trials investigating effects of CVD drugs are cardiovascular mortality, cerebrovascular events and all-cause mortality. Fractures leading to hospitalisation will be registered as adverse events, but the trials are not powered to investigate falls or fractures as an end point.
To overcome some of these gaps in current knowledge, we performed a nationwide register-based study in order to investigate the effect of medical treatment for cardiovascular disease on the occurrence of fragility fractures in elderly individuals. The large population allowed us to investigate the effect of specific drugs and time intervals.
METHODS

Study population
We included all residents in Denmark aged 65 years or older between 1 January 1999 and 31 December 2012. Individuals were followed from either 1 January 1999, their 65th birthday, or at their date of immigration (if older than 65 years at immigration) until a diagnosis of a fall-related fracture, emigration, death or 31 December 2012, whichever occurred first. 
Databases
Pharmacotherapy and duration of treatment
From the Danish Registry of Medicinal Products, we identified commonly used cardiovascular drugs. In this study, we investigated the following classes of cardiovascular drugs (ATC codes in brackets): nitrates (C01DA08, C01DA14), digoxin (C01AA05), thiazide (C03AB01), ACE inhibitors (C09AA01, C09AA02, C09AA03, C09AA04, C09AA05, C09AA10), furosemide (C03CA01), calcium antagonists (C08CA01, C08CA02, C08DA01, C08DB01), β-blockers (C07AA05, C07AB02, C07AB03, C07AB07, C07AG02), statins (C10AA01, C10AA03, C10AA05, C10AA07) and angiotensin receptor antagonists (C09CA01, C09CA03, C09CA04, C09CA06, C09CA07, C09CA08).
Treatment status was determined in a time-dependent manner by prescription claims from the Danish pharmacies, implying that individuals were only considered exposed if covered by claimed prescriptions. To determine treatment length, up to three consecutive prescriptions were considered in a retrospective manner. We created an algorithm for each drug and tablet strength in which minimum, maximum and typical daily dosages of the medication were defined. From patients' initial prescriptions, the typical daily dosage was assigned, and treatment length was calculated by dividing the amount of first-claimed medications by that daily dosage. For patients who were covered by a previous prescription at the time of claiming a new prescription, the daily dosage was reset and a new daily dosage was calculated as the amount of claimed medications during the previous period divided by time between prescription claims (based on up to 3 previous prescriptions without treatment breaks). If calculated dosages exceeded the predefined highest daily dosages, patients were assigned the maximum osages, and the exceeding tablets were assumed to be stored and consumed during the immediate period following the end of the last prescription.
Furthermore, the date of the first prescription from 1 year prior to inclusion and throughout the study period was identified in order to define time since initiating treatment. Time since initiating treatment was grouped into periods of 0-14, 15-30, 31-90, 91-180 or >180 days. These time periods were chosen in order to discriminate between acute effects possibly due to direct cardiovascular effects, and later effects possibly due to effect on bones or muscles. Persons who were on a specific drug at inclusion were included and placed in the relevant time period according to date of the first prescription.
Comorbidities
We identified comorbidities known to be associated with falls: ischaemic heart disease, stroke, hypertension, heart failure, chronic obstructive pulmonary disease, cancer, diabetes, depression, dementia, osteoporosis, Parkinson's disease and previous fragility fractures. 33 We used inhospital diagnoses from the Danish National Patient Registry to identify comorbidities. Some diseases are diagnosed primarily in an outpatient setting and we, therefore, included relevant medications from the Danish Registry of Medicinal Products Statistics to identify these comorbidities. We did this for the following diseases (ATC codes in brackets): depression (N06A), dementia (N06D), diabetes (A10), osteoporosis (M05B) and Parkinson's disease (N04). All comorbidities were identified from 1977 and throughout the observation period. Previous fragility fractures were defined as any fracture 5 years prior to inclusion.
Statistics
We applied time-dependent multivariable Poisson regression models to test the association between the different cardiovascular drugs and fall-related fractures. Prior to analysis, observational time was divided into bands of 1-year intervals and age was updated at the start of each time band. To ensure timely correct categorisation of comorbidities and exposure, all comorbidities were included as time-dependent variables. The importance of time since initiation of the different CVD-drugs was explored by including variables as use versus no use of a specific agent in a specific time window (eg, 'nitrates 0-14 days', 'digoxin 91-180 days', etc). The Poisson regression model was adjusted for age, gender, calendar year, comorbidities and exposure to the other classes of CVD-drugs. In order to address possible confounding by indication, we performed a subanalysis stratified by heart failure.
All analyses were conducted using SAS, V.9.2 (SAS Institute, Cary, North Carolina, USA), a two-sided p value of <0.05 was considered as statistically significant.
Ethics
No ethics approval is required for retrospective registerbased studies in Denmark.
RESULTS
Overall, 1 586 554 individuals were included in the study cohort with a maximum follow-up time of 14 years. The mean follow-up time was 6.7 years, and loss to follow-up due to emigration was 0.3%.
During follow-up, 255 936 individuals (16.1%) experienced a fragility fracture; of these, 90 994 (5.7%) were in treatment with CVD-drugs at the time of the fracture. Numbers ever exposed to the different CVD-drugs are presented in table 1. Individuals treated with CVD-drugs were older, and they generally had more comorbidity compared with the general population. Further population characteristics regarding gender, age and comorbidities in relation to the classes of CVD-drugs are shown in table 1.
Total exposure time, and numbers of fractures for each group of drugs and for those unexposed are given in table 2. Crude fracture rates were highest among patients treated with loop diuretics, digoxin or thiazides; in the remaining CVD-drugs, the crude fracture rates were similar to the unexposed.
Multivariable Poisson regression analysis yielded similar patterns. The association between drug use and fragility fractures was generally strongest in the time interval of 0-14 days after drug initiation. Diuretics were significantly associated with fractures in this initial treatment period: furosemide with incidence rate ratio (IRR) 1.74 (CI 1.61 to 1.89), and thiazides with IRR 1.41 (CI 1.04 to 1.16). Digoxin was significantly associated with falls only in the period between 15 and 30 days after treatment start, and the association was weak (IRR 1.18, CI 1.02 to 1.37), data shown in figures 1-3.
Analysis stratified by heart failure showed no significant change in risk estimates for individuals with prior diagnosis of heart failure compared with individuals with no prior diagnosis of heart failure.
DISCUSSION
In this nationwide study including individuals aged ≥65 years, we investigated the association between different cardiovascular drugs and incidence of fragility fractures. We observed that use of loop diuretics and thiazides were significantly associated with fragility fractures, while the remaining antihypertensive drugs, statins and nitrates were not. The fact that the association between drugs and fragility fractures was strongest during the first 2 weeks of treatment and thereafter, gradually declined suggests that the increase in fragility fractures is due to increase in falls rather than changes in bone health. The finding that only diuretics were associated with fragility fractures is new. In a register-based study, we cannot conclude anything on the mechanism of a possible association. However, hyponatremia has been shown to increase the risk of fractures independent of osteoporosis, probably due to the cognitive effect and the effect on balance measures of even mild hyponatremia. 34 35 Diuretic-associated hyponatremia may, therefore, partly explain the association.
OTHER STUDIES
Other studies have found that long-term thiazide use reduces the risk of fractures possibly due to the calcium-retaining effect in the renal tubules. 36 Our study is concerned with the risk of fragility fractures in the initial treatment period and does not contradict this finding.
A meta-analysis including studies performed in the period 1966-1996 found association between falls and use of diuretics, digoxin and type1A antiarrhythmic agents.
14 However, the authors explain that the results may be biased due to few people taking each drug class and few people falling, resulting in very wide CIs in the included studies. A recent meta-analysis, an update of the previous one, included another 22 studies published during 1997-2007; this found no significant associations between use of any cardiovascular drug and falls. 15 All studies included in the two meta-analyses are observational studies and are heterogeneous concerning study methods, settings, power and fall definition. In a comprehensive systematic review of risk factors for falls, Deandrea et al 37 found an OR 1.25 (CI 1.05 to 1.44) for use versus non-use of antihypertensive drugs.
Only few relevant studies have been published after the latest meta-analysis. Butt et al 38 39 studied the association between use of antihypertensive drugs and the occurrence of falls and hip fractures in an elderly population in Ontario, Canada, using a self-controlled design. Sample size in the fracture study was smaller (1463 cases) than in the falls study (8893 cases), and the association in the falls study was stronger for all drugs. In the falls study, there were significant associations between falls and new use of thiazide diuretics, calcium channel blockers, ACE inhibitors and β-blockers, but not for angiotensin receptor antagonists. Gribbin et al used a self-controlled design and found significant association between use of thiazide diuretics and falls, IRR 2.8 (CI 1.7 to 4.6), but not for β-blockers, calcium channel blockers or ACE inhibitors. The authors mention that results may be diluted by misclassification of Baseline characteristics for different CVD-drug users. Numbers are presented as counts (%) for categorical variables and mean (SD) for continuous measures. Characteristics for each of the treatment groups refer to those obtained at first day of treatment; thus, groups are not exclusive.
'No treatment' refers to day of inclusion in the study. The table shows data for the whole population, including persons without cardiovascular disease.
AMI, acute myocardial infarction; ARB, angiotensin receptor blockers; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease. exposure periods, and that the falls outcome represents a small subset of self-reported falls. 40 Berry et al found a significant association between starting a loop diuretic and incident hip fracture, with OR 1.8 (CI 1.2 to 2.7) for hip fracture during days 1-7 after treatment start. The maximum effect of a thiazide diuretic on the acute risk of hip fracture occurred 8-14 days following drug initiation (OR=2.2, 95% CI 1.2 Figure 1 Adjusted incidence rate ratios (IRR), 95% CIs, p value, and number of events for digoxin, furosemide, and thiazides. to 3.9). 41 Tinetti et al 42 followed 4961 elderly individuals for 3 years and found association between serious falls and moderate intensity use of antihypertensive drugs with OR 1.40 (CI 1.03 to 1.9). In a propensity matched subgroup, the association did not reach significance.
In summary, our results are similar to the findings in the most recent and self-controlled studies. Results from earlier studies included in the two meta-analyses are more diverse. 14 
15
STRENGTHS AND LIMITATIONS
A major strength of this study is the large population, which allowed us to examine the association between fractures and exposure to specific cardiovascular drugs. However, it is an observational study, and we cannot fully exclude the effect of unmeasured confounders. There are several risk factors for falls and fragility fractures that we have not been able to include; however, we have no reason to believe that these risk factors influence the exposure to CVD-drugs. In a Poisson analysis we cannot distinguish between the risk of starting medication and the risk of the disease, which was the reason for the medication. This means that the associations may merely reflect the underlying condition. However, the diversity of results concerning drugs used for the same indications, that is, hypertension and heart failure, indicates that the results are not driven by confounding by indication. We have further minimised the risk of confounding by controlling for comorbidity known to be associated with falls and fractures, including previous fragility fractures.
We have investigated the association with single drugs. Since elderly persons will often use several drugs at the same time, our estimates of association are possibly lower than in real life.
IRRs for all drugs became lower with time. Owing to the observational design, we cannot rule out that this is partly caused by healthy user bias.
CONCLUSION AND CLINICAL IMPLICATIONS
Our study supports previous concerns about the risk of falls and fractures associated with antihypertensive treatment in elderly individuals. However, the association between fragility fractures and use of antihypertensive treatment seems only to be true for diuretic treatment.
We suggest that the effect of diuretic treatment in hypertension should be carefully controlled, and use of alternative antihypertensives should be considered in elderly individuals.
The association between digoxin and fragility fractures was so weak that we would not consider this finding as basis of any clinical implication on its own; however, the finding do contribute to recently reported concerns regarding the use of digoxin. 43 
Figure 3
Adjusted incidence rate ratios (IRR), 95% CIs, p value, and number of events for angiotensin receptor blockers (ARBs), nitrates, and statins.
